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About the SLP
Poverty, food insecurity and a deteriorating environment threaten the livelihoods and
even the lives of millions of rural people in developing countries. Smallholder farmers
in these countries have few resources or opportunities to improve their situation, but
one option is widely available: by integrating crop and livestock production, farmers
can improve their farm productivity while protecting their natural resources.
Linking the livestock-related research of its partners worldwide, the System-wide
Livestock Programme of the Consultative Group on International Agricultural Research
(CGIAR) is a unique vehicle for enhancing the contribution of animal agriculture to the
CGIAR’s objectives of increasing food production, eradicating poverty and protecting
the environment.
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Preface
Preface
If we can sum up the task of the CGIAR System-wide Livestock Programme in a single
phrase, it is to “think globally and act locally on livestock-related issues”.
Let’s take the action first. In the few years since it was founded, the SLP has become fully
functional as a decentralized team of researchers, each based at a different CGIAR centre
and each fully engaged in collaborative research at the regional and national levels. These
researchers span many disciplines, ecosystems and research themes, making vital
contributions in such areas as animal nutrition, crop breeding, the maintenance of soil
fertility and the testing of new legume species. They span the research spectrum, from
strategic research on the genomes of major grain crops to adaptive research with farmers on
new forages. Through the new kinds of partnership that have emerged in recent years, they
are able to integrate their work with that of others, learning from them and sharing their
results with them.
But the SLP team does much more than this. Its “thinking” role is a strategic one in which
the team seeks to maximize the benefits from the investments made globally in livestock-
related research. This it does in several ways. It identifies and fills gaps in existing research
activities, often supplying the “missing links” that constrain others in their pursuit of impact.
It promotes the pooling of resources and expertise among institutions, to create synergies
and spillovers. It seeks to build a livestock perspective into the crop improvement and
natural resource management research conducted by its partners. It looks for opportunities
to transfer successful technologies and methodologies, both within and across regions.
And it supports strategic research on topics and commodities of global importance.
If all this sounds rather abstract, let us illustrate these points from some of the projects
supported by the SLP and described in this report.
The SLP’s gap-filling and technology transfer roles are illustrated by its contributions to
research in the highlands of Eastern and Central Africa. Here three inputs to increase and
sustain impact were needed. The first was to promote the regional diffusion of legume feed
technology already known to be attractive to farmers participating in on-farm trials. This
needs to be done quickly in order to maximize the benefits from research in the near term.
The second two inputs were designed to underpin these benefits in the longer term by
diversifying the plant species on which the technology is based and ensuring the maintenance
of soil fertility. All three inputs are contributing to what is rapidly becoming an African
success story.
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Pooling resources in a collaborative effort is a well established path to more effective research.
The SLP’s task is to ensure that the livestock perspective is fully integrated in multi-partner
collaborative research. In West Africa, the SLP is contributing to the testing of a new, more
holistic approach to on-farm research in which researchers from different institutes design
experiments together, selecting a limited number of technologies that they believe have the
best chances of achieving an impact. The approach has brought the livestock component
of the production system to the fore for all the participants. It promises to deliver benefits
to farmers in a region where success has proved elusive in the past. And, if it works, it will
be extended to other parts of the developing world.
Building a livestock perspective into research on crop improvement and the management
of natural resources is often vital to the success of such research. In crop improvement, the
SLP supports a global project on the use of genetic markers to develop improved varieties
of sorghum and pearl millet, two cereals widely grown by resource-poor farmers to provide
food for their families and feed for their animals. This project is showing that it may well
be possible to improve fodder yield and quality without sacrificing grain yield, a prospect
never even envisaged by conventional plant breeders in the past, who concentrated almost
exclusively on raising grain yields. To maximize the spillover from this research, the SLP
supports a second project to extend the findings to a range of other grain crops and grasses
with similar genomes. In natural resource management, the SLP is a partner in several
projects in which livestock provide farmers with the economic incentive to plant resource-
conserving legumes. For example, research by Tropileche, a consortium of Latin American
institutions, is demonstrating the environmental benefits of such forage species as Cratylia
argentea and Arachis pintoi, in addition to their feed value.
SLP-supported strategic research to improve the feed value of crop residues covers maize,
sorghum, pearl millet and cowpea—crops grown by millions of resource-poor farmers
throughout the developing world. If successful, this research will have a profound and
widespread impact on poverty eradication. The SLP’s portfolio of commodities and research
themes is, then, of truly global import.
Lastly, let us touch on one SLP project that underpins all aspects of the SLP’s role of
thinking globally. The SLP is building an Internet-based version of itself, consisting of an
enhanced electronic communications and information network and a set of on-line
laboratories for conducting collaborative research. By “going virtual” in this way, the SLP
is shrinking not only the distance that separates members of a global research team but also
the high transaction costs of global collaboration. This project should make it easier to
design and implement research so that results from different locations can be analysed and
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compared. It should also greatly speed up the development and transfer of results with
global applicability.
Besides the projects described in this report, the SLP has recently embarked on a number
of exciting new ventures. Among them is a project on the livestock component of rice-
wheat systems in the Indo-Gangetic plains of South Asia. Sharpening the focus on livestock
in these vast, irrigated lands could provide thousands of farmers with urgently needed ways
of diversifying their sources of income. Two other projects cover the mountain ecosystems
of the developing world, a vital resource for livestock production that has been neglected
by research in the past. One will address the needs of the Caucasus, a region in which the
CGIAR is stepping up its activities, while the other focuses on the high Andes and the
Himalayas in an attempt to transfer solutions between the two ranges, which suffer similar
pressures on their fragile environments. A fourth project will seek to improve the integra-
tion of crop and livestock production in Southeast Asia, a region where livestock represent
a possible route out of poverty for millions of rural people affected by economic recession.
And a fifth will investigate two socio-economic issues associated with the rising demand
for livestock products: how the rapidly expanding pig and poultry sectors will affect the
supply of grain for human consumption, and whether small-scale livestock producers can
stay competitive in the face of rapid growth in large-scale peri-urban enterprises. Added to
the existing portfolio of projects, these and other new initiatives mean that the SLP now
addresses the full breadth of the global livestock research agenda, providing it with an
unrivalled vantage point from which to identify and capitalize on the major opportunities
for impact.
The SLP has come a long way in the few years since it was founded. We believe this report
testifies to its encouraging progress. We are, however, well aware of the considerable
challenges that remain. We count on your support in meeting them.
Hank Fitzhugh
Director General, ILRI
Addis Ababa, 1 September 2000
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Executive Summary
The System-wide Livestock Programme (SLP) of the Consultative Group on International
Agricultural Research (CGIAR) aims to increase the returns to investments in the CGIAR’s
research by linking livestock-related activities among its different centres and their partners.
The SLP conducts or supports research to improve animal feed resources, integrate livestock
production with the management of natural resources, and identify new livestock-related
policy options.
In 1997, under Phase I of its activities, the SLP began supporting three ecoregional research
projects, one each in the cool, moist highlands of Eastern and Central Africa, the hillsides
and forest margins of Latin America, and the dry rangelands of the Sahel and West/Central
Asia-North Africa. All three projects have made excellent progress.
In the highlands, researchers have identified new areas suitable for extending the popular
legume shrub Calliandra calothyrsus, at the same time as intensifying their efforts to develop
alternative fodder species so as to make the production system less vulnerable to pests and
diseases. Research on the use of manure is under way with a view to identifying opportunities
to improve its contribution to soil fertility. In Latin America, the consortium Tropileche
has achieved considerable success with Cratylia argentea, a protein-rich, drought-tolerant
shrub legume that can increase the profitability of smallholder milk production and is
proving particularly popular with farmers in Costa Rica. The consortium is also conducting
research on other legumes, including Arachis pintoi and Stylosanthes guinanensis. In West/
Central Asia-North Africa, the potential of currently underused fodder trees and shrubs
such as Atriplex has been demonstrated, while research in the Sahel has revealed that a
number of popular browse species are now in need of in situ conservation as producers
compete for scarce remaining resources to meet the rapidly growing market for livestock
products. Researchers are assessing the potential for improving the productivity of these
species through selection and breeding.
Since its last Biennial Report, the SLP has extended its support to several more projects.
Among them is a promising multi-partner project in West Africa that is testing a new
approach to on-farm research that could prove widely applicable and lead to attractive cost
savings. Another project with considerable potential for impact involves the use of genetic
markers to improve the feed value of crop residues in pearl millet and other (genetically
similar) grain crops and grasses. Lastly, the SLP has launched a project to “go virtual”. This
project is harnessing the potential of Internet-based technology to deliver efficiency gains
in the planning and implementation of research and the exchange of its results.
Biennial Report 1999-2000
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The SLP conducts thorough ex-ante assessments before embarking on new research projects.
Two such assessments are currently under way, one on existing dual-purpose cowpea research
in West Africa and the other on a new proposal to conduct research on the use of maize as
food, feed and fertiliser in Eastern and Southern Africa. The work on cowpea has shown
the crop to have great potential for income generation in areas where the market for livestock
feeds and products is growing. Studies on maize have highlighted the urgent need to reverse
the steady drain of nutrients away from maize fields that is associated with the low use of
commercial fertilisers on this crop and the application to other, more valuable crops of the
manure produced by feeding maize residues to livestock.
The SLP emphasizes support to projects with the potential for near-term and/or transregional
impact. The potential for near-term impact is greatest in the more productive ecoregions,
where a broader range of technological options is feasible, but the prospects for impact in
the drier and more difficult ecoregions, such as the Sahel, has recently improved.
Transregional impact is more likely to occur through the transfer of research methodologies
and in strategic research (for example in genetic markers work) than in the finished
technologies developed through adaptive research. A new project to assess the potential for
transregional impact has been launched.
Raising funds remains the most serious challenge facing the SLP. In future, the programme
will increase its emphasis on achieving transregional benefits from research, continue to
seek efficiency gains in the conduct of research and devote more attention to assessing
impact.
ix
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1Acting Locally
Introduction
Established in 1995, the System-wide Livestock Programme
(SLP) of the Consultative Group on International
Agricultural Research (CGIAR) is one of several programmes
designed to increase the returns to investments in the
CGIAR’s research by linking activities at its different centres.
Livestock research in the CGIAR system is primarily the
responsibility of the International Livestock Research
Institute (ILRI). In founding the SLP, the CGIAR recognized
that many of its crop-oriented centres, particularly those
working on improving the quality or yield of crops whose
residues are used as feed resources, could also make an impact
on livestock productivity. Similarly, the work of the centres
conducting research on the management of natural resources
could benefit through the inclusion of a livestock perspective.
And there were also gains to be made in the field of policy
research—another area of work shared by several centres in
the system.
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Responsibility for establishing the SLP was assigned to ILRI
which, in 1995, invited the participation of the other
CGIAR centres. Ten centres including ILRI joined the
programme (see map on inside front cover). Under ILRI’s
leadership, the partners developed a strategic plan for the
SLP, which was approved by the CGIAR’s Technical
Advisory Committee (TAC), and constituted the Livestock
Programme Group (LPG) to agree the SLP’s agenda and
advise on its implementation. The LPG consists of a
representative from each participating centre. A programme
plan, also developed in 1995, was revised in 1999.
The SLP operates as a decentralized team, whose members
participate directly in the research conducted at each
location. It also supports research by raising and channelling
funds to multi-partner projects selected for their potential
for widespread impact. Centres are encouraged to join with
national institutions in ecoregional consortia or other forms
of partnership to prepare research proposals. These are
evaluated against set criteria by the LPG, which then decides
whether or not to recommend funding.
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The SLP in Action
The SLP reports to its stakeholders biennially. Its first report,
for 1997-98, focused on the rationale for the SLP, the
evolution of Phase I of its programme and the progress made
in establishing three ecoregional research projects with a
strong livestock-related component. This report bears
witness to the considerable progress since made in imple-
menting these and a number of other projects.
We report first on the three ecoregional projects. In the Kenyan
highlands, the SLP is making key inputs to a multi-partner
project whose aim is to promote the development of small-
holder dairying by addressing feed-related and other
constraints. These inputs, which meet needs not covered by
other project partners, are designed to enhance impact in the
near term by transferring technology already developed while
at the same time addressing longer term sustainability issues
associated with soil fertility and biodiversity. In Latin America,
the SLP supports a formally constituted ecoregional consor-
tium responsible for increasing milk and meat production
from dual-purpose cattle herds raised in two sensitive
ecosystems—the Andean hillsides and the forest margins. This
project has successfully developed some promising new feed
resources that are now being extended to farmers. And in the
drylands of the Sahel and West/Central Asia-North Africa,
four international centres have joined with national partners
to tackle dry-season feed shortages by improving the
conservation, management and utilization of browse species.
Projects in Progress
Increasing milk production in the Eastern and Central African
highlands
The cool highlands of Eastern and Central Africa cover only
23% of the region’s total land mass yet are home to 51% of
its population. Rising populations and incomes are
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increasing the demand for food, especially livestock products.
The vast majority of rural people remain poor, undermin-
ing their ability to respond to rising demand by increasing
production sustainably. At the same time, the natural re-
sources that support production are coming under increased
pressure, with erosion and declining soil fertility leading to
falling crop yields.
Intensively managed dairy cattle are an integral component
of the zone’s mixed crop-livestock farming systems, but
inadequate feed quantity and quality constrain milk
production. This in turn contributes to depressed crop yields,
as less manure is available and farmers’ incomes are lower,
reducing their ability to buy fertiliser. Under these condi-
tions, legumes provide a key way forward for smallholders
seeking to increase their incomes from dairying while
sustaining their grain crop yields and protecting the fragile
natural resource base of the highlands.
Over the past decade, a number of national and international
institutions, including the International Centre for Research
in Agroforestry (ICRAF), have been at work in the Embu
District of Kenya, a fertile and well watered highland area
with considerable potential for smallholder dairy produc-
tion based on crossbred cows. Researchers have successfully
introduced new tree and shrub legumes, including
Calliandra calothyrsus, a fast-growing shrub that fits well
into existing production systems and can take the place of
expensive concentrates in feed rations. On-farm evaluation
has shown that planting 500 Calliandra trees—the number
required to meet the supplementary protein needs of a dairy
cow—increases household income by around US$ 130 per
cow per year, starting in the second year after planting. It
also saves farmers the time and money spent gathering or
buying fodder off the farm. This technology alone raises
farmers’ incomes by around 10%. If it were widely extended
in Kenya, the benefits to producers and consumers would
amount to about US$ 137 million annually.
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The project partners and their strengths
• Kenya Agricultural Research Institute (KARI):
Plant breeding, production systems research, links with farmers, in-country networking
• Kenya Forestry Research Institute (KEFRI):
Tree and shrub introduction and management
• National Dairy Development Project (NDDP):
Milk production, feed resources
• National Agroforestry Research Project (NARP):
Tree and shrub introduction, on-farm research, technology transfer
• International Livestock Research Institute (ILRI):
Ruminant nutrition and smallholder production systems
• International Centre for Research in Agroforestry (ICRAF):
Agroforestry, technology dissemination
• African Highlands Initiative (AHI):
Regional networking and technology transfer
In 1996, ICRAF and its partners identified three contribu-
tions the SLP could make to this work and submitted a
project proposal accordingly. The first is to enhance impact
by identifying new areas to which technology can be trans-
ferred and taking steps to promote transfer. This applies
locally, in Embu and other highland districts of Kenya, as
well as on a broader regional scale across Central and Eastern
Africa. The second contribution is to support research to
increase the biodiversity of legume shrubs and other species
available to farmers. This is desirable because the current
dependence on a handful of widely used species makes the
system highly vulnerable to pests and diseases. For example,
in 1992 Leucaena leucocephala, one of the most popular
species tested at Embu, was heavily affected by an epidemic
of psyllid, a leaf-eating insect from Southeast Asia. The third
Biennial Report 1999-2000
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contribution is to examine how smallholders manage and
use the relatively large amounts of manure produced by their
crossbred cows. Manure is one of the few organic sources of
nutrients widely available in the highlands, so the best
possible use needs to be made of it. Research elsewhere
suggests that much can be gained by combining the use of
manure with small amounts of commercial fertilisers, which
remain too expensive for most farmers to apply at
recommended rates.
Most of the efforts in technology transfer have so far been
devoted to securing local impact. Household data from
previous surveys in the central Kenyan highlands are being
integrated with information in a geographical information
system (GIS) with a view to describing smallholder
production systems, identifying broader recommendation
domains for the fodder species known to be of interest to
farmers, and developing strategies for promoting adoption
that take into account local constraints and opportunities.
By May 2000, preliminary recommendation zones had been
mapped for two popular legumes, Desmodium and
Calliandra. In addition, the road infrastructure—an
important determinant of access to markets—had been
mapped in Embu and Meru. Field visits to ground truth
some of the data had also been carried out. Mapping was
done in two phases: in the first phase, the recommendation
domain was identified using purely agro-ecological criteria,
such as altitude and rainfall. In the second, the zone was
narrowed by applying socio-economic factors such as access
to an all-weather road, the density of dairy cattle already
present in an area, and the human population density
(Figure 1). Next steps in the mapping exercise will include
the integration of data on soil type, marketing points and
urban areas, and the extension of the exercise to western
Kenya.
In parallel with this work, the researchers have stepped up
their efforts on the participatory evaluation and dissemina-
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Combined recommodation domains
Natural domains
Socio-economic domains
based on:
•population density > 250pp/km2
•dairy density > 50 grade cows/km2
•distance to main road < 5km
Legend:
tion of leguminous fodder trees and other legume species.
These activities involve a diverse set of partners, including
the extension services, church and womens’ organizations
and schools, in addition to farmers and their associations.
A group approach emphasizing farmer empowerment has
been adopted to maximize coverage and impact. The results
are impressive: farmers’ groups have started some 250
nurseries raising and distributing young Calliandra plants
to about 2600 farmers, 60% of them women. Training in
nursery establishment has been provided to the staff of three
departments of the Ministry of Agriculture, two provincial
administrations and 13 non-government organizations
(NGOs), besides numerous farmers. Farmers have also been
offered training in the use of fodder technologies. Lastly,
assistance has been provided to national and ICRAF staff
disseminating Calliandra and monitoring its uptake in
southwest Uganda.
Figure 1. Areas of Kenya with natural and socio-economic potential
for Calliandra
Source: ICRAF et al (2000).
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Despite the successes, several problems became apparent
during this dissemination work. Severe, prolonged drought
meant that many nurseries were chronically short of water.
And, mainly because of the drought, Calliandra seedlings
proved highly susceptible to pests such as crickets, hoppers
and cutworms. The combined losses from drought and pests
were estimated at up to 50% of seedlings, halving impact
and the returns to investments at a stroke. These losses
underscore the urgent need to diversify the legume species
and provenances available to farmers.
Further potential for spreading the use of Calliandra was
demonstrated in an experiment on feeding goats, conducted
by national scientists. Dual-purpose goats fed on Calliandra
provided more and better quality milk for family consump-
tion, suggesting a powerful route for improving household
health and nutrition in poorer households unable to invest
in cattle. Children, who require vitamins and minerals in
addition to protein, stand to benefit particularly. Over 95%
of farmers participating in this trial said they would con-
tinue using Calliandra after the trial was over.
Research on diversifying the forage species available focuses
on psyllid resistance in Leucaena, the use of low-cost locally
available alternatives to Calliandra and the potential of
herbaceous legumes.
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Some 15 psyllid-resistant Leucaena species and provenances
have been identified, five of which are now being tested on
farm and on station. Most farmers identified L. tricandra as
the best biomass producer, followed by L. esculenta
paniculata. One farmer was so impressed by L. tricandra
that she asked for seeds in order to raise her own seedlings.
Data from the on-farm trials confirmed the farmers’ im-
pressions, with L. tricandra showing the highest leafy biomass
in all the harvests. Three other species—L. diversifolia
diversifolia, L. esculenta esculenta and L. esculenta
paniculata—had similar, moderate levels of leafy biomass,
while L. collinsii zacapana had the lowest yields, largely
because it proved susceptible to psyllids after all.
The mulberry tree (Morus alba) is a locally available yet
underused tree species in traditional farming systems of the
highlands. It can be established at low cost from cuttings,
and niches for expanding its use appear to exist on farms.
The national researchers investigating this species plan to
expand their trials to cover other underused indigenous
shrub species.
Several national research stations and projects have experi-
mented with herbaceous legumes in Embu and other
highland districts in the past. Their efforts have met with
varying degrees of success. Researchers at the Embu station
indicated some potential for a number of species that could
be combined with napier grass, but the unavailability of
seed, together with establishment and management
problems, have limited adoption. Agronomic studies on
Mucuna pruriens (velvet bean) showed considerable poten-
tial for this legume, but no feeding studies on animals have
yet been undertaken. Stations such as Katumani and
Mtwapap have reported variable performance in Stylosanthes
spp., Clitoria ternata and other species. Against this back-
ground, it was thought appropriate to synthesize and share
the state of existing knowledge before embarking on further
participatory research with farmers. For this reason, a
Biennial Report 1999-2000
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workshop to which all interested scientists were invited was
scheduled for mid-June 2000.
While manure is commonly used by farmers to improve
soil fertility, many questions surround its use, which has
been under-researched in the past. Is the manure produced
by the typical small dairy farm sufficient to meet the short-
fall of nutrients required for cropping? Are cattle housing
conditions conducive to the efficient collection and recycling
of manure? Can manure be improved by adding other
organic materials, such as leaf prunings? Are inorganic
fertilisers used in conjunction with manure? And to what
crops is manure applied and how—by broadcasting before
the season or by placing strategically during it? Research on
these topics aims to identify the key points at which inter-
ventions could lead to greater efficiency.
As part of a broader effort to study farm nutrient balances,
a survey on manure use was conducted on 26 households
in the three major agro-ecological zones of the highlands in
which dairy cattle are raised—the tea, coffee and maize
zones. The survey distinguished aggregated farms, having
all their land around the homestead, from disaggregated
farms with one or more plots away from the homestead.
The reason for the distinction is that, owing to the difficul-
ties of transporting manure, land holding patterns may be
the most significant factor affecting manure application. The
survey also divided farms according to whether or not they
had cattle—the main livestock species producing manure.
In addition, farmers were ranked for their wealth (1 = very
poor, 4 = wealthy) and asked whether or not they used
inorganic fertilisers.
The survey data are still being analysed, but initial results
suggest that disaggregated holdings are a major disincentive
to manure use. Whether or not they raised cattle, 85-90%
of farmers with aggregated holdings applied manure,
compared to only 58-68% with disaggregated holdings.
11
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Surprisingly, whether or not a farm kept cattle had little
effect on manure use, since farmers barter manure with each
other. Up to 90% of aggregated farms without cattle applied
manure. Few farmers (generally under 22%) bought manure.
Most of the farmers using manure were in wealth category
2 (poor), which was the category to which the majority of
farmers belonged. This suggests little manure is used by the
very poor, few of whom own cattle. It has, however, been
hypothesized that small farms with cattle have more fertile
soil than larger farms or farms without cattle. This
hypothesis, often found to be the case elsewhere, will be
tested in the next phase of research, in which animal housing
conditions, alternative uses of manure (e.g. for vegetable
plots) and the effectiveness of applications on crops such as
maize and napier grass will also be examined.
Improving dual-purpose cattle production in tropical Latin
America
Dual-purpose cattle, kept for milk and meat, account for
about 80% of national herds raised in tropical Latin America,
but only 40% of the milk produced. Demand for meat and
milk is rising rapidly, as incomes and human populations
rise. Two factors hold back production: the low quantity
and poor quality of feed available, especially during the dry
season; and the low genetic potential of the animals.
In 1996 a consortium of institutions led by the Centro
Internacional de Agricultura Tropical (CIAT) launched a
project known as Tropileche, designed to increase milk and
meat production on smallholder farms by tackling the feed
constraint. Study sites were located in two ecologies where
the needs were seen to be greatest, namely the relatively dry
hillsides of Central America and the wetter forest margins
of the Amazon basin. Tropileche, which operates under the
SLP, draws on CIAT’s expertise in forage development and
land use and on ILRI for specialist inputs on the livestock
Biennial Report 1999-2000
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component. A wide range of research and development
organizations participate in the project at national level.
Originally, sites were selected in central eastern Peru and in
the Central Pacific region of Costa Rica. More recently,
research has been expanded to include Nicaragua, Honduras
and Colombia.
The approach adopted by the project combines on-station
research on the potential of new forage-based feed resources
with participatory on-farm evaluation. Special emphasis is
placed on herbaceous and shrub legumes, with a view to
intensifying mixed crop-livestock production at the same
time as protecting or enhancing the natural resource base.
This component research is supported through diagnostic
studies to characterize the sites, economic analysis of
interventions and surveys to determine their acceptability
and adoption.
In the hillside areas of Costa Rica, on-farm research on
Cratylia argentea has shown this protein-rich shrub legume
to be an effective supplement to replace the more expensive
protein concentrates used during the dry season. Milk yields
obtained when feeding the shrub in various combinations
with grasses were similar to those obtained using concen-
The project partners and their strengths
• National research institutes, universities, NGOs and farmers’ associations (Peru, Costa Rica,
Nicaragua, Honduras and Colombia):
Dairy development, production systems research, links with farmers, in-country
and regional networking
• Centro Internacional de Agricultura Tropical (CIAT):
Forage development, land use
• International Livestock Research Institute (ILRI):
Ruminant nutrition, livestock production systems
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trates. Combined with sugarcane, fresh Cratylia can increase
milk yields by 1-2 litres per day (20-30%). The shrub can
be grazed in the field or fed in a cut-and-carry system. Cut-
and-carry systems require some extra labour and, when
sugarcane is included in the diet, investment in a shredder.
A further advantage of Cratylia is that it can be turned into
silage during the rainy season, when it is not needed, and
fed later on, taking the pressure off overgrazed pastures
during the dry season. Indeed, this technology may allow
some land to be freed up for other uses, such as reforesta-
tion (Figure 2). Again, feeding Cratylia as silage is more
economical than using purchased commercial concentrates.
It is thought that, if well managed, a stand of Cratylia can
be grazed or cut for up to 20 years. The shrub is well adapted
to a range of soils, including those with low fertility, and
can withstand severe drought. It needs a small amount of
phosphorus to get started, but this can be supplied using
cow manure from the milking shed.
Farmers who have tested Cratylia are enthusiastic about it.
A farmer in the Central Pacific region who grew 1 ha of the
crop on degraded land said that it had increased his net
income by about one-third. On five farms, there is evidence
of soil improvement derived from this legume’s ability to
fix atmospheric nitrogen. Farmers beyond the research site
have started adopting Cratylia spontaneously, and commer-
cial seed producers are multiplying and marketing seed.
Another forage being tested by Tropileche is the legume
Arachis pintoi, a wild groundnut plant native to Brazil that
is suitable for use in both the hillsides and the forest margins.
This is planted directly in pastures already improved through
introduction of the African grass, Brachiaria. This formida-
ble combination of plants provides thick ground cover,
preventing erosion and enhancing fertility even on poor acid
soils, in addition to a high-quality feed that greatly increases
milk yields. A 30% legume content in the sward is sufficient
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to increase milk production by 8% over straight grass plus
supplementation with 1 kg of concentrates per day. It also
helps increase biomass yield in pastures over time—a valu-
able contribution in areas where they are renowned for their
tendency to degrade.
Also being tested in the forest margins is Stylosanthes
guianensis. This herbaceous legume has been widely tested
in tropical America, but is still underused. However, it could
become more popular in the future, as more farmers start
to specialize in milk production for market. Research in
Colombia and Peru has shown that feeding Stylosanthes to
pre-weaned calves increases the amount of milk for sale by
21% and boosts liveweight gain by up to 30%. In addition,
growing Stylosanthes in rotation with rice increased the yield
of the following rice crop. The use of Stylosanthes could thus
eliminate the need to fallow land in a shifting cultivation
system, helping to reduce deforestation. The critical ingre-
dient in the system is farmer management, since farmers
must resist the temptation to overgraze Stylosanthes pastures
if these are to persist through the 2 to 3 years needed to
restore soil fertility before the next rice crop can be grown.
Growing Stylosanthes is less expensive than establishing a
Figure 2. Percentage of pasture
land that could be allocated to
other uses if improved forages
are adopted
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legume-grass pasture and results in higher cash flow from
milk without affecting calf growth.
At Pucallpa, in Peru, farmers seem unlikely to adopt any of
the feed technologies being tested at present. Cattle numbers
fell sharply due to depredation during the long guerrilla
war in the countryside. A low human population density
and long distances to markets are further factors reducing
the potential for improved dairy production at this site.
Consequently, Tropileche’s partners have decided to invest
their efforts in a new site, Moyobama, also located in the
Peruvian Amazon but closer to a major market. Here farmers
are improving the genetic potential of their herds for milk
production and a cooperative milk processing plant has just
opened. There is, therefore, a demand for improved feeding
systems. Work continues in the forest margins of Colombia,
where the technologies being tested do appear viable.
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The research of Tropileche has demonstrated that legume-
based technology significantly improves milk production,
is a viable substitute for expensive feed concentrates and is
environmentally friendly. Small-scale farmers can easily
adopt and manage such technology, even when they lack
access to credit. Access to market seems to be the main factor
affecting farmers’ willingness to adopt.
Besides technology development, Tropileche also has a
mandate for technology transfer. The consortium uses several
methods to disseminate its results quickly to new areas.
Conventional methods such as field days are still an effec-
tive way of eliciting interest on the part of farmers,
extensionists and NGO workers. Modern, media-based
methods are also being used. In 1999, an 11-minute video
was produced featuring the experiences of a small Costa
Rican farmer who has adopted Cratylia- and Arachis-based
technologies. This farmer has doubled his family income,
now produces more milk from less land and uses some of
the freed up area to produce timber and protect water
resources. The video, which is in Spanish, will be widely
shown to farmers in both Costa Rica and elsewhere.
Tropileche also publishes a biannual newsletter for forage
researchers throughout the region, together with a journal,
Pasturas Tropicales, which has over 500 subscribers. Lastly, a
website, http:/www.ciat.cgiar.org/tropileche/start.htm,
contains the latest research results in addition to some 2200
other references, provides a list of relevant researchers in the
region and allows visitors to interact with one another.
One measure of Tropileche’s impact is that new countries
are now joining the research effort, using bilateral funds. In
Nicaragua and Honduras, local partners have established
over 65 ha of improved forages on 20 farms at five different
sites. Ecuador and Bolivia have also expressed interest and
partners there are currently preparing research proposals.
In October 1999, CIAT held a regional consultation to
establish priorities for the dairy sector in Central America
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and the Caribbean and hence for Tropileche’s activities in
these subregions. Information for the workshop was gath-
ered independently in Costa Rica, the Dominican Republic,
Honduras, Jamaica, Nicaragua and Panama. Reports from
these countries served as the basis for discussion at the work-
shop, which was held in Atenas, Costa Rica.
The main challenge facing Tropileche is to scale up—to
extrapolate the successes achieved in small areas to much
larger, similar areas. The next phase of the project will there-
fore place more emphasis on technology dissemination rather
than technology development. Seed supplies are a critical
ingredient of successful scaling up. So far, 20 seed banks
have been established, but more farmers and companies with
a capacity for seed production need to be identified. Another
need is accurate identification of areas with similar soils,
climate and socio-economic factors to those in which a given
technology has already proved successful. GIS resources at
CIAT are being harnessed to meet this need.
Improving dry-season feed resources in the semi-arid rangelands
of the Sahel and West/Central Asia-North Africa
The vast semi-arid rangelands of the Sahel and of West/
Central Asia-North Africa are home to millions of cattle
and small ruminants, raised largely by poor pastoralists and
agropastoralists. As cropping and other forms of land use
expand into these lands, livestock are increasingly confined
to the less productive areas, where they face severe shortages
of feed, especially during the long dry season. In 1996, the
International Center for Agricultural Research in the Dry
Areas (ICARDA) joined forces with three other interna-
tional centres and with national institutes in nine countries
in a new bid to overcome the feed constraint by developing
the use of multi-purpose fodder shrubs and trees. The SLP
agreed to fund the proposal and work began in November
1997.
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Many past attempts have been made to increase the feed
supplies available to livestock in these dry lands. These
attempts have been for the most part fragmented, with poor
communication between researchers. They have also tended
to be non-participatory, with solutions developed by
scientists being introduced to pastoralists and farmers
without their effective involvement. As a result, few
technologies have been widely adopted and animal
productivity remains low. In the Sahel, the poor market for
livestock produce has been a further disincentive to adoption.
But in recent years incomes in the Sahel have started to rise
and the concentration of people in cities has begun to
constitute a significant unmet demand. Peri-urban produc-
tion systems are, consequently, becoming increasingly
market-oriented.
Now is therefore the time for a new attempt to develop and
disseminate productivity-increasing technology. The SLP
can help by ensuring a bottom-up approach to project
The project partners and their strengths
• National institutes (Burkina Faso, Jordan, Mali, Morocco, Niger, Pakistan, Senegal, Syria
and Tunisia):
Production systems research, links with farmers and NGOs, in-country and regional 
networking
• International Center for Agricultural Research in the Dry Areas (ICARDA):
Dryland ecosystems in West/Central Asia-North Africa, barley, sheep
• International Centre for Research in Agroforestry (ICRAF):
Agroforestry, multiple uses of trees
• International Crops Research Institute for the Semi-Arid Tropics (ICRISAT):
Dryland ecosystems in the Sahel, pearl millet, sorghum
• International Livestock Research Institute (ILRI):
Browse fodder, ruminant nutrition
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planning, in which proposed research is made to reflect
producers’ real needs. It can also ensure a participatory
approach to testing new technologies with farmers. And it
can link projects, ensuring that knowledge and results are
transferred to similar locations.
Temperature conditions across the semi-arid rangelands vary
greatly, but the northern swathe of rangelands in West/
Central Asia-North Africa experiences cold winters, with
up to 35 days of frost each year. Syria, Uzbekistan and
Pakistan are collaborating with ICARDA in screening a
range of shrubs for their tolerance to cold, including
Artemesia spp. and Salsola spp.
Even if shrubs are tolerant to cold, establishing them in the
dry rangelands is difficult. Many sites are now almost bare
of vegetation, making for very harsh, exposed conditions.
Surface soil is often crusted and a black moss that spreads
rapidly over the soil surface also thwarts emergence.
Working with the Syrian Steppe Directorate, scientists at
ICARDA are testing different establishment methods. At
present, the Directorate produces shrub seedlings in a nurs-
ery, transports them and plants them in areas prepared by
deep ripping, which is expensive. Instead, the scientists are
testing direct seeding, focusing on low-cost, low-labour
methods acceptable to local pastoral communities and
authorities. Three methods are under test: traditional
broadcasting on the soil surface with no soil preparation;
harrowing before seeding, to break the crusted soil surface
so as to improve emergence; and the digging of shallow pits
to facilitate run-in and promote the accumulation of organic
matter. To dig the pits, a special pitting machine is used,
consisting of a simple modified disc plough mounted on a
two-wheeled trailer pulled by an ordinary vehicle. The results
obtained so far suggest that pitting is a more efficient estab-
lishment method than broadcasting or harrowing, at least
for Salsola shrubs.
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One of the hardiest shrubs for these Mediterranean areas is
the indigenous saltbush (Atriplex halimus), which varies
greatly in its palatability. ICARDA and its partners are test-
ing different provenances for their effects on sheep, the major
livestock species raised in the region. The shrub is also be-
ing tested for its suitability as an intercrop with barley, the
region’s major feed as grain, straw and stubble. The results
so far show that barley yields are higher when intercropped
with Atriplex than when monocropped. Average grain yield
was 443 kg/ha in intercrop plots, compared with 360 kg/ha
when barley alone was grown. Stubble yields were also mar-
ginally higher in intercropped plots. Animals grazing the
plots ate similar amounts of stubble on both monocropped
and intercropped plots, but on the intercropped plots they
also consumed an additional 0.15 kg/day of saltbush foliage,
providing them with a valuable additional source of protein
to complement the energy obtained from the barley. They
also spent longer grazing the intercropped plots. These results
suggest that intercropping barley with Atriplex could greatly
increase crop and animal production at the same time as
helping to protect fragile soils from wind and water erosion.
In Morocco, encouraging results were achieved in on-station
and on-farm testing of Atriplex in combination with a range
of grain crops, including barley, oats, a barley-fodder pea
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mixture and an oats-vetch mixture. Total biomass and grain
yields were higher in intercropping systems, as also were
energy and crude protein yields, which increased by 11-
93% and by 16-196% respectively. Intercropping improved
land-equivalent ratios to 1.20-1.46, suggesting that this tech-
nology will be particularly useful in areas where farm size is
small. In each of two rural communes, farmers have now
planted some 200 ha of shrubs in combination with grain
and forage crops.
In Jordan, scientists are studying the effect of plant density
on the survival and productivity of Atriplex halimus and A.
nummularia. Survival rates were lower at higher plant den-
sities, reflecting water scarcity and heat stress in summer,
even when water harvesting is used. A. halimus had a higher
survival rate than A. nummularia.
None of the shrubs available to livestock in the semi-arid
lands can by itself provide a completely satisfactory diet to
livestock. Research in Tunisia focuses on the potential of
combining three common shrub species, Acacia, Atriplex
and Opuntia, to give a better balanced diet. Acacia has a
relatively high crude protein content but also contains
tannins that reduce its feed value by forming insoluble com-
plexes with proteins. The addition of a chemical,
polyethylene glycol (PEG), to the diet improves perform-
ance by breaking down the complexes, but its use is limited
by its high cost. Increased energy and nitrogen in the diet
might perform the same service more cheaply and efficiently.
Opuntia ficus, or spineless cactus, is one of the commonest
plants found on rangeland and is a valuable source of water,
ash and some vitamins, besides having a high energy value.
Atriplex, in contrast, has a low energy value but relatively
high nitrogen. Its high salt content means that it needs to
be eaten with copious amounts of water, to ensure that the
animals excrete the salt. This makes it the perfect partner
for Opuntia. Together, the three shrubs should in theory
provide a healthy diet.
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The preliminary results of this research confirmed this
hypothesis. A diet in which Acacia cyanophylla was supple-
mented by barley maintained the weight of sheep, whereas
supplementing with Opuntia alone led to weight loss. A
diet of Atriplex and barley straw alone lacked sufficient
energy, also resulting in weight loss. Adding barley grain or
Opuntia to this diet resulted in weight gain, with Opuntia
proving somewhat more effective than barley.
South of the Sahara, conditions are hotter than in the Medi-
terranean zone, but pressures on the resource base are equally
severe. Levels of poverty are, if anything, worse, making the
need for low-cost improvements in feed availability and
quality all the more necessary. High-quality feed is espe-
cially scarce during the long dry season, when grasses wither
and die. Browse trees and shrubs whose foliage remains suc-
culent and rich in protein during this period are especially
valuable.
In Burkina Faso, a team of researchers is building on the
agroforestry research of the 1980s to pursue increased use
of local trees and shrubs. In 1997, the team conducted
surveys to determine the priority species meriting conser-
vation, increased utilization and, in the longer term, genetic
improvement. The survey covered the country’s three major
agro-ecological zones, including the northern Sahelian zone,
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with annual rainfall lower than 600 mm, the northern
Sudanian zone, with rainfall between 600 and 850 mm,
and the southern Sudanian zone, with rainfall of 900 to
1300 mm. The presence and diversity of trees in the land-
scape increases as rainfall rises, with species such as Vitellaria
paradoxa becoming increasingly common. The survey
covered 20 villages in the northern Sudanian zone, where
Faidherbia albida, Parkia biglobosa and V. paradoxa are found.
A further four villages in the Sahelian zone were covered,
where thorny species and Hyphaene thebaica predominate.
Lastly, a sample of three villages in the southern Sudanian
zone were included. Here, Borassus aethiopium, V. paradoxa
and P. biglobosa are found. A multidisciplinary team asked
women, working adult males and old people to list 15
important agroforestry species and then to select their 10
priority species. In each village, interviewees were also asked
to name the species used for eight different purposes—food,
feed, medicine, soil fertility, fuelwood, building, crafts and
any others—and to say how they would like to see their
priority species improved. Lastly, the team evaluated the
traditional knowledge of farmers as a means of defining
selection criteria and procedures.
Farmers in the three zones named over 70 agroforestry species
as useful. The top 10 species differed in each zone, but
V. paradoxa and P. biglobosa both featured high on the list in
the central and southern zones. Listings varied consider-
ably between different social groups and places. For example,
women in the southwest of the country almost invariably
included palmyra (B. aethiopium) among their first six
species. The nearby town of Banfora is a centre for craft
items made from this species by women, for whom this is a
major source of income. Around Korea, in the northern
Sahelian zone, in contrast, F. albida, H. thebaica and
A. digitata were the first three priority species. The first two
of these are vital sources of income, with Faidherbia pods
constituting a protein-rich supplement for fattening sheep
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while Hyphaene (the so-called doom-palm) is used for
weaving and for its popular edible fruits. Income-earning
potential was often the most important criteria affecting
the choices made by different groups. Gender roles within
the household and male or female usufruct or ownership of
different tree species also strongly affected choices. For
example, women around Wolonkoto and Siniama in the
southern Sudanian zone rarely named the doom-palm
among their priorities because this species is owned and
managed almost entirely by men. The use of the species is
little developed here.
Forage species were found to be valued most in the central
and eastern areas of Burkina Faso’s Central Plateau, where
the highest concentrations of livestock are found. Livestock
producers recognize intraspecific variability in forage qual-
ity, which is reflected in such characteristics as palatability,
leaf or grain size, age of tree and amount of foliage produced.
Several important forage species have multiple uses, includ-
ing Ziziphus mauritania, Balanites aegyptica and Adansonia
digitata. Despite their importance, forage species are rarely
planted by farmers, mainly because seedlings are not available
or because of the difficulties of protecting young trees.
Farmers also said they had no knowledge of how to raise
seedlings and plant trees.
The study has revealed that the genetic heritage of these
multipurpose species is under threat. The next step will be
to assess the heritability of key traits in each species, so that
in situ genebanks can be established and a breeding
programme launched. At the same time, sustainability-
oriented management practices need to be developed and
disseminated, using a participatory approach.
Research in Niger focuses on the grazing and browsing
behaviour of different livestock species, with a view to
identifying the priorities for conserving and improving
browse species and managing rangeland. A study conducted
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during the dry season in a village west of Niamey, in the
Sahelian zone, showed that the relatively unpalatable Guiera
senegalensis now constitutes nearly 99% of available browse
biomass. More palatable species, such as Boscia senegalensis,
B. angustifolia and Piliostigma reticulatum, are scarce. Goats
devote 30% of their grazing time to eating B. aegyptica and
Acacia spp., which represent less than 1% of all available
browse. Species such as these urgently need conserving.
Also in Niger, research by ILRI and ICRAF has focused on
Combretum aculeatum, a broadly distributed species much
appreciated for its nutritive value and palatability to sheep.
Little is known at present about the factors influencing its
forage quality and the potential for selecting superior
provenances or genotypes. As part of a broader germplasm
collection programme run by ICRAF, seeds of 60 trees were
collected in 1993 from a 20-km wide area along the Niger
River. Half-sib families were produced from the seeds by
growing them in a nursery. In 1994, foliage from the new
generation of trees was analysed for its nutritive value. Most
trees had relatively high concentrations of protein and phos-
phorus, confirming the importance of this species as a source
of these nutrients. The results supported the hypothesis that
tree genotypes with superior fodder quality can be identified.
In Senegal, national researchers have investigated a range of
species for their feed value and for various management
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parameters, including time and methods of harvesting and
post-harvest drying and storage. Palatability, nutritive value
and drought resistance are the three most important criteria
determining the species on which research should concen-
trate. Acacia albida, G. senegalensis, F. albida, A. digitaria,
Pitecellobium dulce and Calotropis procera all fulfil these
requirements, but their foliage also contains some anti-
nutritional elements, including tannins. The results of
harvesting trials showed that moderate harvesting of foliage
makes the tree more likely to survive and to recover quickly.
For all the species studied, the best time of year to harvest is
the early dry season, when forage is at its most nutritive and
tannin levels are not yet dangerous to animals (Figure 3).
However, the availability of nutritious grasses and the general
abundance of feed at this time mean that browse foliage
needs to be preserved for use later in the dry season, when
feed is much scarcer. The scientists tested several preserva-
tion methods, including drying in the sun or in the shade,
oven drying (at 60oC and 80oC) and ensiling. Oven drying
Figure 3. Seasonal variations in tannin content of browse species in Senegal
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and ensiling gave temperatures that are too high, reducing
feed value. Sun or shade drying made little difference to
feed value and can be recommended as the simplest and
cheapest methods, leading to feed values that remain
relatively stable throughout the dry season. Feeding trials
confirmed the presence of anti-nutritional elements,
indicating that the proportion of browse in diets should be
limited to 15% for the foliage of G. senegalensis and the
fruit of F. albida and to 30% for the foliage of A. digitata.
Foliage of P. dulce can safely be fed in amounts up to 50%
of the ration, while with C. procera the level can be raised to
75%.
In line with the SLP’s mission to ensure the transfer of
research results, a workshop on the project’s findings so far
was held in February 1999. All the national SLP collabora-
tors from participating countries attended and presented
their results, which are summarized in a workshop
proceedings (Gintzburger et al, 2000).
Recently Launched Projects
Several projects that were at the planning stage last time the
SLP reported are now being implemented. We have selected
three on which to report this year. The first is a particularly
promising project on improving crop-livestock production
systems in the dry savannas of West Africa. This project has
developed a new approach to multi-partner on-farm research
from which considerable synergistic effects and spillover
benefits can be expected, generating useful cost savings.
While this project operates by concentrating resources, the
partners in our second new project are widely dispersed geo-
graphically. They are united by their use of genetic markers
to improve the feed value of a number of widely grown,
genetically related, grain crops. This project contributes to,
and builds on, successful research already undertaken by
ILRI and ICRISAT on pearl millet and sorghum, two of
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the world’s most widely grown dual-purpose grain crops.
Again, considerable spillover benefits can be expected.
Global multi-partner research of this kind has high transac-
tion costs when conducted by conventional means. Our
third project, in which Internet-based technology is being
used to create a “virtual SLP”, is laying the foundations for
sizeable gains in the efficiency with which widely dispersed
partners will be able to collaborate.
Improving crop-livestock systems in the dry savannas of West
Africa
Dry savannas, with annual rainfall between 400 and 900
mm and a growing period of 90 to 150 days a year, cover
more than 50% of the land area of sub-Saharan Africa. Soils
are poor, especially in nitrogen and phosphorus. Human
and animal populations are high and increasing, driving the
intensification of both crop and livestock production. Fallow
periods are disappearing and cropping is expanding into
marginal areas where rainfall is too unreliable to allow the
use of commercial inputs. Such trends could, if unchecked,
have disastrous consequences for the food security of poor,
small-scale farming families and for the environments in
which they live.
Researchers have identified three major crop-livestock
production systems found in the savannas (Figure 4). In
the drier, more northerly areas, pearl millet and cowpea
dominate the cropping system, livestock husbandry is largely
extensive and transhumance is practised. Settled farming is,
however, on the increase. In the wetter areas to the south,
sorghum, cowpea and groundnut are grown, often with
maize, soybean and cassava as secondary crops. Livestock
husbandry is more intensive and there are many more
settled crop-livestock farmers. This system overlaps with a
third system, in which cotton and groundnut are impor-
tant cash crops and farmers tend to use somewhat more
inputs.
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Figure 4. Major crop-livestock production systems of the West and Central African savannas
Source: Grandi (1996).
Research on these systems has been pursued in northern
Nigeria for many years. All involved have come to realize
that farmers’ needs can only be met if the component
research conducted by different individuals and institutions
is integrated in a holistic approach. The SLP is supporting
the process of integration by contributing funds to a multi-
partner project working at different sites across the region.
The evolution of the project reflects researchers’ growing
realization of the need for integration. The International
Institute of Tropical Agriculture (IITA) has long conducted
research on cowpea, but until recently this research focused
on developing high-yielding grain varieties for cultivation
in sole cowpea fields, using pesticides to protect the crop. It
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is now recognized that cowpea is rarely grown in isolation
by farmers but is almost always intercropped with sorghum
or pearl millet, that most farmers can barely afford pesti-
cides, and that farmers in any case value the residue of the
crop for use as forage just as much as the grain for human
consumption. By the mid-1990s, scientists at ILRI had be-
gun working with IITA breeders to investigate the fodder
value of different cowpea varieties, while scientists from
ICRISAT provided inputs to the cereal components of the
farming system. In 1997, scientists from the three institutes
met and agreed that, in the following year, they would pool
their resources in order to develop a more holistic approach
The project partners and their strengths
• National research institutes/extension services:
Crop improvement, crop residue and manure management
Development of fodder resources
Links with farming communities
• International Crops Research Institute for the Semi-Arid Tropics (ICRISAT)
Pearl millet, sorghum, groundnut
Cropping systems, farmer participatory research, modeling
• International Institute of Tropical Agriculture (IITA)
Cowpea, maize, cassava, soybean
Socio-economics and natural resource management
• International Livestock Research Institute (ILRI)
Livestock production, income generation, nutrient cycling, crop residue management
Livestock-related policy and institutional issues
• International Fertilizer Development Center (IFDC)
Integrated nutrient management
Input-related policy and institutional issues
• Centre for Overseas Research and Development (CORD), University of Durham, UK
Participatory research on nutrient cycling and natural resource management
Socio-economic and rural livelihoods issues
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to on-farm research. The scientists met again in early 1998
to plan their research for the coming season and, in
recognition of the importance of soil fertility, were joined
this time by scientists from the International Fertilizer
Development Center (IFDC). It was at this meeting that
the best-bet approach was developed (see Box).
Because this new approach was challenging, it was decided
to start small. A pilot study was therefore launched in Bichi,
a village north of Kano in northern Nigeria. After the first
season, in November 1998, the SLP provided funds to hold
a workshop to present the strategy used, review progress in
the pilot project and develop an approach for a larger regional
project. Representatives from national institutes across the
region were invited to attend, together with relevant inter-
national scientists and donor agency representatives. The
Integration for impact: The best-bet approach
When the scientists at the meeting planned their research solely from the point of view of the
component for which each was responsible, the resulting number of treatments was too high to be
managed by farmers. Each scientist had proposed testing several varieties of each crop, various
crop management and crop geometry options, and a number of treatments and practices relating
to crop residue and manure management.
The scientists agreed to reduce the number of treatments by selecting and combining what they
thought were the best options within each component. The result was the best-bet approach.
Two types of situation were recognized—one in which farmers might use small amounts of inputs
and one in which they would not. The final number of treatments was therefore three: a best-bet
set of options without inputs (BB), a best-bet set of options with inputs (BB+) and the local
farmers’ traditional practices (L).
It was decided that the options would be evaluated with farmers rather than for them, and that
the whole range of factors important to them would be covered in a single set of trials. These
factors included crop grain and residue yields, grain quality, post-harvest losses, the feeding of
livestock, manure applications and their impact on yields, and labour and other socio-economic
implications.
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Centre for Overseas Research and Development (CORD)
of the University of Durham, UK had by this time expressed
its interest in the project and was also represented. A re-
gional project proposal based on ideas and outputs from
the workshop was submitted to the SLP in 1999. The SLP
has already provided funds to expand the work at Bichi,
include a second site in northern Nigeria and start activities
in Niger and Mali.
The results achieved at Bichi confirm that this new
approach has exciting potential. In the 1998 season, dry-
matter yields of sorghum fodder, cowpea grain and cowpea
fodder were all highest in the BB+ treatment. The fodder
yield of improved sorghum did not differ significantly from
that of local sorghum, but this was mainly because the local
sorghum is very tall and has thick stems. It was estimated
that only about 30% of the dry matter of the local sorghum
was edible, compared with 60% in the improved sorghum.
The stalks of local varieties are, however, valued by farmers
for use as building and thatching materials. The most
dramatic difference in yields occurred in cowpea, the grain
yield of which was 16 and 2 times higher in the BB+ treat-
ment than in the L and BB treatments respectively. Cowpea
fodder yields in the BB+ treatment were also higher, by a
factor of 1.5 over the BB treatment and 5 over the L
treatment. Some losses in both sorghum and cowpea fodder
yields occurred during transportation and storage, suggest-
ing opportunities for improvements in these areas.
As part of the BB and BB+ treatments, the scientists had
originally suggested that the farmers plant a second crop of
cowpea after the first. This is made possible by the shorter
duration of the improved cowpea varieties developed by
IITA. Previous research had shown that, provided the first
crop is harvested by the end of September, it is possible to
obtain a good fodder yield and some grain from the second
crop. However, farmers at Bichi were ambivalent about this
option, for two reasons. First, sowing the second crop
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coincided with the peak family labour requirement for
harvesting tomato and pepper and, second, in 1998 the rains
continued unusually late into October, so that the first
cowpea crop continued to produce pods and farmers were
able to go on harvesting grain. Nevertheless, a few farmers
did plant a second crop and obtained useful amounts of
fodder and grain.
In the 1999 season, yields of both the grain and the legume
component were generally somewhat lower, reflecting lower
but more typical rainfall. At the farmers’ request, the BB
treatment was altered to allow the use of inputs, but with
local instead of improved varieties. This produced an inter-
esting result: the local sorghum variety yielded more grain
than the improved one. In both the BB and the BB+ treat-
ments, grain and fodder yields were twice as high and 1.5
times as high as in the L treatment.
Research at the second site in northern Nigeria, Unguwan
Zangi, began in 1999. This site is wetter than Bichi, leading
to the testing of different cowpea and sorghum varieties.
Here the BB and BB+ treatments both gave higher cowpea
grain and fodder yields than the L treatment. Farmers were
excited by the potential of the new varieties, and expressed
an interest in earlier planting and more timely spraying in
the next season, both of which should raise yields still higher.
Sorghum grain and fodder yields were also significantly
higher in the BB and BB+ treatments. All the farmers were
pleased with the performance of the improved sorghum
variety and many said they would start using it elsewhere
on their farms.
The site in Niger is considerably further north than those in
Nigeria, so pearl millet takes the place of sorghum as the
major food grain. Here the local cowpea variety did better
in terms of both grain and fodder yield than the two im-
proved varieties tested. This site was also chosen for a trial
on the effects of fertiliser on crop yields. Locally available
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Tahoua rock phosphate and standard NPK compound
fertiliser were applied in small quantities (13 kg and 4 kg
P/ha respectively), using pocket placement for the com-
pound fertiliser. Yields rose dramatically at these low rates
of application, which are considered affordable by farmers.
Work in Mali is at an early stage, involving characterization
of sites in three regions typifying the country’s crop-livestock
systems. Soil profiles have been analysed and a GIS used to
map each of five villages in each region. A typology of farms
based on the extent to which animal traction is used has
also been completed.
The project’s experiences have revealed several topics
deserving increased attention in the future. A significant
factor affecting profitability of the best-bet sets of options is
the storage of cowpea grain. If farmers sell grain immedi-
ately it is harvested, it fetches roughly one-third as much as
it does if stored and sold 3 months later. Stored cowpea is,
however, susceptible to insect pests, especially weevils.
Possibly, the best-bet sets should therefore include cowpea
varieties whose seeds have some tolerance to weevils. A
simple storage method involving layered polythene bags
might also be an appropriate solution.
The sets need to be tailored to cover a range of situations
with regard to the use of inputs. Farmers with poor market
access may not be able or willing to use any inputs at all. In
other areas, however, the use of inputs is increasing as markets
develop. In such cases it will be necessary to select  the crop
varieties included in the set carefully, so as to ensure that
they yield better than local varieties whether or not inputs
are used.
Declining soil fertility is a problem throughout the zone.
Most farmers cannot afford large amounts of chemical
fertiliser. And farmers are often lucky if they can find any
commercial fertiliser on the local market at all. Under these
circumstances, strategies and technologies that maximize the
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benefits from limited amounts of inputs are needed. This
makes it all the more important to integrate the livestock
and crop components of these systems, since livestock are
an important source of manure in addition to tractive power.
Experiences in the first 2 years have constantly challenged
researchers’ assumptions. In Niger, for example, the “improved”
crop varieties in the best-bet set of options were not in fact
superior to the farmers’ local varieties. This has led to the
possibility of a best-bet set consisting of farmers’ varieties
plus other innovations and has once again confronted
researchers with the need to take fodder yields seriously when
developing new varieties. At Bichi, in contrast, farmers
indicated a preference for the improved sorghum variety on
account of its fodder quality. However, farmers here have
been reluctant to adopt another innovation proposed by
researchers, the growing of a second cowpea crop. Some
best bets may be fairly location-specific, so it will be vital to
specify to which region or system they apply.
The new research paradigm being tested by the project is
continuing to evolve. However, its potential for refining new
technologies and promoting their uptake has already become
apparent. Too often in the past, researchers have adopted a
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multidisciplinary approach to system diagnosis, only to
relapse into disciplinary component research for subsequent
stages of the research process. The holistic approach adopted
in this project is helping to overcome this problem. That is
why the SLP has developed a major proposal to increase the
funding available for testing and disseminating the approach,
which promises to deliver the long-awaited impact on this
region’s increasingly stressed mixed crop-livestock produc-
tion systems. Impact here will have implications for other
regions of the developing world with complex and resource-
poor farming systems, a consideration that further
strengthens the case for SLP support.
Enhancing the feed value of crop residues
As grazing resources decline owing to the expansion of
cropping and the disappearance of fallow periods, livestock
become increasingly dependent on crop residues for their
feed supplies. Scientists have attempted to improve the gen-
erally poor nutritional value of these residues by chemical
and biological means, but the results have not been widely
adopted by resource-poor farmers, mainly because of the
investment and labour implications. Genetic enhancement
offers a more promising way forward since the results can
be incorporated in improved seed, a technology more
acceptable to such farmers. The genetic route to improve-
ment is also more environmentally friendly than chemical
or biological treatments. But despite these advantages,
improving the feed value of crop residues has seldom been a
priority for plant breeders, who have tended to focus almost
entirely on grain production for human consumption.
Modifying this emphasis is part of the SLP mandate.
Since the 1980s, ILRI has collaborated with ICRISAT to
improve the feed value of pearl millet and sorghum, two
dual-purpose cereals vital to the survival and livelihoods of
resource-poor farmers across the semi-arid tropics. Early out-
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comes of this research, which was initially conducted mainly
in West Africa, were the discovery of a number of traits
indicative of feed value, including the stay-green trait in
sorghum and the brown mid-rib and trichome-less traits in
pearl millet. These findings encouraged the two centres to
continue their efforts through further research based at
ICRISAT’s headquarters in India. In this second phase of
research the number of partners involved was expanded to
include specialized institutes in the UK, the USA and
Australia, in addition to relevant national programmes in
India. Using an approach firmly grounded in an assessment
of farmers’ priorities, the researchers have applied the tech-
niques of marker-assisted selection (MAS) to improve the
precision with which relevant traits can be incorporated in
a more productive genetic background and to speed up the
development of new dual-purpose varieties.
The SLP has become involved in this work because of the
potential for transferring its results to other plant species
used all or in part as animal feed, thereby capturing signifi-
cant spillover benefits from the investments already made.
Pearl millet has a fairly simple genome, making it relatively
easy to map and so shortening the time-frame required to
obtain usable results. The genetics of cereals and grasses have
not diverged greatly throughout evolution, so the genetic
information derived from the mapping exercise can be
exploited across many other species, including rice, wheat,
barley, maize, sorghum, sugarcane, Brachiaria and Lolium
(rye-grass). Under the umbrella of the SLP, a broader project
linking work on a number of these additional species has
been launched, with support from the Australian Centre
for International Agricultural Research (ACIAR) and the
UK’s Department for International Development (DFID).
Populations of these species, grown at different locations
round the world, have been assessed for characteristics related
to their digestibility and those plant lines with the most
divergent characteristics have been crossed to produce the
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progeny required for the identification of genetic markers.
The next step is to correlate the segregation of markers in
mapping populations with phenotypic variation for relevant
characteristics in order to identify quantitative trait loci
(QTLs)—the segments of DNA responsible for specific
traits. In the longer term, maps of the genome of each crop
will be developed.
Work is most advanced for pearl millet, the species that has
been studied longest. The digestibility of the progeny of
crosses has been found to range widely, suggesting consid-
erable potential for identifying genotypes with superior feed
quality. Scientists at the UK’s John Innes Centre (JIC) and
the Institute of Grassland and Environmental Research
The project partners and their strengths
• International Livestock Research Institute (ILRI):
Animal nutrition and production
•  International Crops Research Institute for the Semi-Arid Tropics (ICRISAT):
Pearl millet and sorghum
• Centro Internacional de Agricultura Tropical (CIAT):
Brachiaria pastures
• International Center for Agricultural Research in the Dry Areas (ICARDA):
Barley
• Co-operative Research Center for Molecular Plant Breeding (CRC-MPB), La Trobe University,
Australia
Perennial rye-grass
• Institute of Grassland and Environmental Research (IGER), UK:
QTL mapping (drought tolerance, downy mildew resistance)
• John Innes Centre (JIC), UK:
QTL mapping
• Bangor University, UK:
QTL mapping (drought tolerance, downy mildew resistance)
• All India Coordinated Pearl Millet Improvement Project (AICPMIP):
Field testing and links with farmers
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(IGER) have found 11 QTLs for different traits, one of
which has proved statistically significant for digestibility.
The indications are that it will be possible to increase stover
yield and quality at the same time, without sacrificing too
much grain yield. The long-term aim is to combine traits
for fodder quality and quantity with other important agro-
nomic traits, such as drought tolerance and resistance to
downy mildew, a serious disease of pearl millet. Collaborative
research between ICRISAT, JIC and the University of Bangor
has recently led to identification of the gene responsible for
this disease (see Box).
Researchers based at ICRISAT are also investigating the
relative contributions of genetic and environmental
(management) factors to the quality and quantity of
sorghum and pearl millet residues. As regards genotype,
research on sorghum has confirmed that traditional dual-
purpose types, which are tall and reach maturity late, have
better digestibility characteristics than do modern short-
duration types, bred mainly for grain. The level of stem
sugar and the quantity of stem produced were both positively
Found: The gene for a serious disease of pearl millet
Dr Katrien Devos, at the UK’s John Innes Centre, writes:
“We now have more than 50 microsatellite markers covering the pearl millet genome. These have
already been transferred to ICRISAT and other research institutes for direct use in plant breeding.
Recently, we have used these markers to identify a line with good resistance to downy mildew. This
line has performed extremely well in the glasshouse, and colleagues at ICRISAT are optimistic
that, following field trials, it will prove suitable for release very shortly to public- and private-
sector breeders.
“Working with colleagues at Bangor and ICRISAT, we have identified a single gene that is
responsible for downy mildew resistance. Now we will be able to find out how the gene, and hence
the mechanism of resistance, works. Eventually, this should lead to more efficient and environ-
mentally friendly methods of controlling the disease.”
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correlated with digestibility, as also was the persistence of
green leaves (the stay-green trait). Similar results were
obtained for pearl millet, with land races producing both
more and better quality residues than did modern hybrids.
Open-pollinated varieties fell between the two, represent-
ing a reasonable compromise between grain production and
fodder yield and quality. As regards environmental factors,
the results obtained so far suggest that their contribution
may be greater in sorghum than in pearl millet. Plant
population density had little effect on residue quantity or
quality in pearl millet, but it did affect the productivity of
sorghum residues. The level of soil fertility influenced the
protein content of residues and the amount of residue
produced in both crops, while in sorghum stem sugar per-
centage was also influenced.
Research on the other species is progressing well. In barley,
researchers at ICARDA have identified markers and QTLs
for several digestibility-related characteristics, including acid
detergent fibre, neutral detergent fibre and lignin contents.
In perennial rye-grass, researchers at the Co-operative
Research Center for Molecular Plant Breeding (CRC-MPB)
of La Trobe University, Australia have established links
between restriction fragment length polymorphisms (RFLPs)
and selected digestibility traits, and have also prepared micro-
satellite markers. The CIAT team working on Brachiaria
has demonstrated variability in digestibility within the
mapping population derived from crosses.
The pay-offs to this research should be substantial. An ex-
ante assessment carried out in 1997-98 for sorghum and
pearl millet indicated that a 1% increase in stover
digestibility—the lowest level thought likely by plant
breeders and nutritionists—will lead to a 6-8% increase in
the production of milk and meat. In India alone this increase
will be worth at least US$ 42 million at the most cautiously
estimated level of adoption and up to US$ 208 million if
adoption is more widespread (Figure 5). Returns will be
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even higher if farmers in Africa and Latin America benefit
as well, and higher still if crop production rises in response
to increased amounts of better quality manure and more
efficient animal traction. Securing the widest possible geo-
graphical spread of all these benefits will be a major SLP
priority in the years ahead.
The excellent progress made using genetic markers to
improve feed value does not rule out the possibility of also
making progress through conventional selection and breed-
ing. Indeed, it is still an open question which approach is
most cost-effective. Both approaches need further methodo-
logical refinement, including a sharper definition of the traits
that indicate feed value. For these reasons, the SLP is also
supporting some work using a conventional breeding
Figure 5. Predicted annual net benefits from research to improve the feed value of pearl millet and
sorghum in India
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approach. The crops covered using this approach are cowpea,
maize and sorghum and the work is conducted at CIMMYT,
IITA and ICRISAT respectively. Ex-ante assessments of the
probable returns to the maize and cowpea components of
this research are under way (see below).
Towards a virtual SLP
The SLP now includes or works with ten CGIAR centres,
six ecoregional consortia and numerous research institutions
across Africa, Asia and Latin America, in addition to other
CGIAR system-wide programmes. It also sustains partner-
ships with an ever broadening circle of specialized
institutions and other stakeholders in the developed world.
The dispersed nature of the SLP and its work requires
dedicated mechanisms to minimize the transaction costs of
research, ensure efficient information exchange and promote
collaboration among these partners. Ways need to be found
of ensuring that the SLP’s research as a whole is more effective
than the sum of its parts.
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For this reason, the SLP has decided to design and imple-
ment a virtual SLP. Supported by modern, Internet-based
communications technologies, the virtual SLP or vSLP will
reproduce all the functions of a conventional research station
(Figure 6). These functions will be grouped in two major
components: a virtual network and a set of virtual
laboratories. The virtual network, which will be used by all
SLP members and partners, will provide a “one-stop shop”
for a range of research support functions, including library
and communications, a coffee or chat room, project
planning and administration. It will also facilitate the sharing
and use of methodologies, data bases and other forms of
information, such as project proposals and reports or funding
and budget information. The virtual laboratories, in contrast,
will provide settings in which more detailed collaborative
research can be undertaken by a group of specialists on a
given topic. Access to these laboratories may if necessary be
restricted to partners in the project concerned. Whereas
virtual laboratories will generate results, the virtual network
will make them available to others.
Figure 6. The virtual SLP
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Virtual laboratories represent a new research paradigm,
opening up opportunities for research that was either wholly
impossible or else not feasible on a realistic time-scale among
partners collaborating in the conventional way. They will
change the nature of collaboration, greatly facilitating the
collection, analysis and interpretation of common data sets
from multiple locations. And they should allow researchers
to generate results with wide applicability.
To implement the vSLP, the SLP has formed a partnership
with the ILRI programme, Strengthening Partnerships for
Livestock Research (SPLR). In early 2000 the SLP and the
SPLR programme held a workshop in Addis Ababa, Ethiopia
to discuss the concept of the vSLP and plan the way forward.
Participants included representatives from the SLP and its
research partners in addition to information specialists from
two organizations with valuable experience in producing
virtual communication systems for use in developing coun-
tries: the Food and Agriculture Organization of the United
Nations (FAO) and the International Institute for Theoretical
and Applied Physics (IITAP). The United Nations Educa-
tional, Scientific and Cultural Organization (UNESCO)
also contributed technical expertise and provided partial
funding for the workshop. Participants agreed on the content
and mechanisms of the vSLP and a phased approach for its
implementation through to the year 2002.
The immediate priorities, which are currently being
addressed, are to develop an SLP website and to constitute
the network’s basic framework for data management and
archiving. Two data bases are being established in 2000 and
a further three will follow in 2001. Directories of SLP partners,
general information on projects and programmes, research
outputs, impact assessments, an inventory of methodologies,
a newsletter and a bulletin board are being developed.
To gain experience in virtual laboratory research, the
workshop proposed a pilot project to establish a virtual
laboratory during the year 2000. The laboratory will be
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devoted to modeling crop-livestock interactions. Dispersed
researchers will have access to models enabling them to assess
crop-livestock systems in different ecoregions in terms of
their energy and nutrient flows and other parameters. The
partners will include the Quito and Lima research locations
of the Centro Internacional de la Papa (CIP), ILRI-Nairobi
and ILRI-Niamey, the University of Edinburgh in the UK,
Biotechnología Agropecuaria S.A. (BTA) in Chile and the
University of Georgia, in the USA.
While virtual networks and laboratories provide greater
efficiency and reduce the cost of information exchange
among members of a dispersed group, some new costs are
nevertheless associated with them. These include training
in information technology, the provision of standardized
equipment and the hiring of dedicated IT personnel. To
meet these costs, the SLP has prepared a project proposal
which it is now submitting to donors for funding.
Ex-ante Impact Assessments
Ex-ante assessments of the impact of research are an
important mechanism through which the SLP establishes
its priorities. The primary purpose of these assessments is
Project partners and their strengths
• System-wide Livestock Programme (SLP)
Impact-oriented livestock research
• Strengthening Partnerships for Livestock Research (SPLR) (programme of ILRI)
Web-based information management and dissemination on livestock-related subjects
• Food and Agriculture Organization of the United Nations (FAO)
Virtual communications and information systems for developing countries
• International Institute for Theoretical and Applied Physics (IITAP)
Virtual communications systems and laboratories for developing countries
Biennial Report 1999-2000
46
to quantify the economic benefits that can be expected from
a given project. This ensures that scarce resources for research
can be allocated wisely, helping to build the confidence of
potential investors. But the assessments also serve other
purposes, including assessing the needs of farmers,
identifying possible constraints to the adoption of new
technology and planning the conduct of research among
potential partners. Involving partners in ex-ante assessments
is a way of ensuring their ownership of the resulting project
once it is funded.
Two major ex-ante assessments have been undertaken since
the SLP’s last biennial report. The first covers ongoing
research in West Africa to improve the feed value of cowpea,
while the second relates to a proposal for research on the
use of maize as food, feed and fertiliser in Eastern and
Southern Africa.
Cowpea in West Africa
Cowpea is widely grown for both grain and fodder in semi-
arid West Africa and is also gaining popularity in other parts
of the continent. Together with national colleagues, scientists
at IITA and ILRI have developed improved dual-purpose
varieties, which are now being disseminated through the
multi-partner project described above. In 1999, the SLP
commissioned an ex-ante assessment of the potential impact
from this work.
As a first step, two workshops were held with farmers to
determine what kinds of impact were important to them.
The farmers came from two contrasting areas of northern
Nigeria: Bichi, a village close to the major market of Kano,
where farmers are already familiar with the improved varie-
ties, and Minjibir, a more remote village in which most
farmers still have no experience of improved varieties. While
men attended the workshops proper, held at IITA’s Kano
station, their wives were interviewed at home in the villages.
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Participants identified no less than eight kinds of benefit
from improved cowpea. The crop:
• Was a source of income from the sale of beans and/or
fodder
• Was a high-quality food for the family
• Provided employment, especially for women and chil-
dren, who were hired for such tasks as weeding, harvesting
and threshing
• Was a preferred fodder for livestock, at least for farmers
not growing groundnut
• Reduced erosion from wind and rain
• Enriched the soil
• Was a catalyst for joint action, helping farmers raise cash
for shared items such as knapsack sprayers or for regis-
tering a cooperative
• Served as an incentive to improve farm management
practices.
Exercises to rank these benefits in order of importance
revealed differences between men and women and between
farmer groups with different market access. Men particularly
valued the income and food benefits, while women empha-
sized home cooking and consumption and the feeding of
small ruminants. Farmers from Minjibir stressed the crop’s
contribution to their subsistence, while those at Bichi valued
its income-earning potential.
The adoption of improved cowpea varieties is already under
way in parts of northern Nigeria. The second step in the ex-
ante assessment was therefore to find out more about who
is adopting, why they are doing so and how rapidly adoption
is taking place. This information is needed as a baseline from
which to predict and measure future adoption and impact.
To obtain it, ILRI and IITA conducted a village-level survey
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of 80 communities in Kano and neighbouring Jigawa States,
followed by a more detailed household-level survey in
selected areas. The data collected in the course of these
surveys are still being analysed, but the results are expected
to provide an adequate basis for predicting impact in detail.
The project partners have developed a computer model,
CROPGROW-Cowpea, that can predict the grain and for-
age yield of cowpea under different agro-ecological and
management conditions. The model is currently being
validated using data sets from the region and elsewhere. Its
predictions will be linked with data from the adoption sur-
veys and with the use of a GIS. The end result will be a
comprehensive and detailed picture of the economic, social
and environmental impact that can be expected from the
new technologies.
Maize as food, fodder and fertiliser
Smallholders in Eastern and Southern Africa are responding
to increasing population density and improved market access
by intensifying their mixed crop-livestock production
systems. Intensification often involves launching a dairy
enterprise, which increases the demand on the system for
high-quality feed. At the same time, the area available for
grazing livestock may be shrinking as cropping expands.
These pressures make it imperative to enhance the quality
and quantity of fodder produced on arable land.
Maize is the staple food of 24 million households in the
region. Understandably, research on the crop has tended to
emphasize grain production. As a low-quality fodder
available only seasonally, maize residues have received scant
attention from plant breeders and animal nutritionists. The
little research conducted on maize stover has focused mainly
on how to better exploit its use to maintain soil fertility. By
emphasizing such factors as the control of weeds and the
use of optimum plant densities, agronomists have also
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contributed to the neglect of the maize crop as a source of
fodder.
The way farmers manage their maize-based mixed crop-
livestock production systems is complex. Some practices
enhance the overall productivity and feed value of the maize
component, while others detract from it. Many farmers plant
maize at high population densities, then gradually thin the
stand down, feeding the thinnings to their animals.
Immature maize plants are a high-quality fodder, containing
six times the crude protein (CP) content of dry stover. Weeds
from maize fields may also be fed to animals—a benefit
that disappears when crops are sprayed with herbicide. On
the other hand, farmers often apply manure produced partly
from feeding maize stover to other, more valuable crops,
inducing a transfer of nutrients away from maize fields. They
may burn residues instead of feeding them or incorporating
them into the soil. And they may decline to adopt a number
of practices known to improve the feed value of stover, such
as soaking and chopping it before feeding.
The SLP supports a project to develop and disseminate
management practices for maize that will increase the pro-
ductivity of crop-livestock systems through higher and more
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stable yields of both grain and fodder while protecting the
natural resource base. Led by the International Wheat and
Maize Improvement Center (CIMMYT), the project
currently involves national scientists in Kenya, Malawi,
South Africa, Tanzania and Zimbabwe.
The ex-ante assessment for this project is well under way.
Given the complexity of maize-based systems, a major aim
of the assessment is to identify the most effective points at
which to intervene and the best pathways for overall system
improvement, bearing in mind all three of the crop’s major
uses. The scientists responsible for the assessment have
characterized the major maize-livestock production systems
in the five participating countries, conducting detailed
studies on selected systems (see Box). They have estimated
the importance of each system for a range of parameters
that will determine the impact of future interventions,
including the area under maize in each production system,
the contribution of maize residues to animal nutrition and
soil fertility and of maize grain to human nutrition, and so
on. The scientists are currently evaluating the impact of
possible interventions to improve fodder quantity and qual-
ity. Both the genetic and the management pathways to
increased productivity are under consideration. The
management practices covered include planting at high
densities then thinning the crop, stripping leaves for feeding,
and chopping and soaking the stover. At a system level, the
scientists are evaluating experiences in intercropping maize
with legumes or intercropping different maize varieties for
food and feed. Lastly, they are also assessing the relative
merits of manure, crop residues and commercial fertilisers
for restoring soil fertility, both alone and in combination.
The tasks that remain to be completed include quantifying
the effects of each intervention and modeling their overall
impact in each production system. This will be done using
existing crop and livestock simulation models, which will
be linked to ILRI spreadsheet models for estimating
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Tanzania: Can the decline in yields be reversed?
FAO statistics show a declining trend for maize yields in Tanzania over the past 20 years. Tanzania
forms a marked contrast with neighbouring Kenya, where yields have risen by 40% over the same
period.
The characterization studies conducted by the project covered two maize-based crop-livestock
systems in the country’s Hai and Lushoto Districts. They led to the selection of Kwalei, a watershed
in the environmentally sensitive Usambara Mountains of Lushoto District, as a site for more
detailed research. Kwalei has a relatively low population of improved crossbred dairy cows and
poor market access at present, but the area has considerable potential for development, particu-
larly as the market for ecotourism expands. Conducting research there will allow opportunities to
compliment existing activities of the African Highlands Initiative (AHI), which already uses
Kwalei as one of its benchmark sites.
The studies’ findings confirmed the national picture of declining maize yields and showed why the
decline is happening. Farmers in Kwalei reported that their maize yields had fallen continuously
since the 1950s, citing declining soil fertility and unreliable rainfall associated with deforestation
as the main reasons. In both Hai and Lushoto, land cultivated to maize is being steadily drained
of its nutrients as farmers feed their maize residues to livestock but apply the manure produced to
other, more valuable crops, such as coffee and bananas. Few farmers apply commercial fertilisers
at present. Severe phosphorus deficiency was evident in farmers’ maize fields.
Possible points of intervention for research at Kwalei include manure handling and composting
techniques, which are little used at present. The use of fodder trees as a supplement to maize
residues is a further option well worth exploring. Here as elsewhere, the traditional system clearly
needs all the help it can get in responding to the challenge of increasing productivity without
further mining the resource base.
economic surplus. The study’s findings will be published in
the ILRI impact assessment series, as well as in an interna-
tionally refereed journal.
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Meeting Our Priorities
——Transregional and near-term impact
through technology transfer ——
As part of its strategy for maximizing the returns to
investments in global livestock research, the SLP emphasizes
support to projects with a potential for near-term and/or
transregional impact.
As might be expected, the potential for near-term impact is
greatest in the high-potential zones in which research is most
advanced. In the highlands of Eastern and Southern Africa,
the SLP has recognized that potential by supporting ICRAF’s
appointment of a technology transfer specialist to build on
and extend the results already achieved at Embu, in the
Kenyan highlands. Most of the work done so far focuses on
the potential for the local transfer of results within Kenya.
In this country alone, the planting of Calliandra is thought
capable of providing benefits worth US$ 137 million
annually. Other countries in the region in which this
technology could prove widely applicable include Uganda,
Tanzania, Rwanda and Zimbabwe. A start has been made
in extending results to these countries, but much more needs
to be done.
In the more difficult, drier areas, there is, as yet, less
technology available to be transferred. However, a number
of factors hold out hope that impact may be just around the
corner. First, the research paradigm has changed. The
involvement of users in a more participatory approach greatly
increases the chances of success. Second, the isolated efforts
of the past have given way to a networking approach in
which successes and failures can be quickly shared. And third,
in regions such as the Sahel, after years of stagnation an
economic recovery is at last paving the way for the increased
adoption of technology by farmers eager to create a surplus
for market.
53
Thinking Globally
As well as extending technology geographically, much can
be achieved by finding new groups of users in the areas where
a technology is already present. Thus, for example, research
at Embu has shown that goat producers can benefit by
feeding Calliandra just as cattle producers can. Targeting
this additional user group, which is generally less wealthy
than cattle owners, will make a useful contribution to poverty
eradication.
The technologies being tested through adaptive on-farm
research will for the most part transfer locally and
subregionally. Tropileche is a good example of the potential
of ecoregional consortia to secure this kind of technology
transfer, as its work with Cratylia in Costa Rica demonstrates.
In Eastern and Southern Africa, the work of the African
Highlands Initiative (AHI) has been responsible for
transferring a number of technologies besides Calliandra,
including the use of climbing beans. Such technologies can
move rapidly between countries with similar ecologies.
However, it is more difficult to conceive of the transfer of
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finished technologies across continents or ecoregions. Each
of the consortia supported by the SLP, for example, faces
very different agro-ecological conditions, making such
transfers unlikely.
The same is not true of the more upstream research
methodologies and technologies. The best-bet approach to
on-farm research, currently being tested and refined with
SLP support in several West African countries, may well
prove more widely applicable in other parts of Africa and in
Latin America and Asia. Genetic research to improve the
feed value of pearl millet and sorghum residues could have
very widespread impact indeed. While new varieties of these
crops developed for India are unlikely to prove immediately
useful in the Sahel, the genetic information, expertise and
methods developed through this work will constitute a
valuable resource that can be used by all plant breeders
working on the crops worldwide. In addition, the similarity
of the pearl millet genome to that of other graminae means
that the knowledge gained through this work could speed
up research on these other crops, bringing forward the date
on which useful results will become available and incurring
considerable savings in the costs of research.
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The SLP is contributing to work on a number of crops that
are very widely grown, increasing the potential for impact
when technology is adopted by farmers. Maize is consumed
by an estimated 24 million households in Eastern and
Southern Africa alone. The SLP considers support to the
CIMMYT-led regional project on this crop to be well
worthwhile because of its high potential for spillover to other
regions of Africa, Asia and Latin America. Similarly, dual-
purpose sorghum and pearl millet are important food and
feed crops throughout semi-arid sub-Saharan Africa, where
they occupy 12.6 and 14.9 million ha respectively—areas
even larger than those in India. Pearl millet is also gaining
in importance in Latin America, particularly in Brazil.
The creation of the virtual SLP lays the foundations for
considerable gains in the efficiency with which technology
and information can be shared and transferred to new users.
Indeed, the vSLP will radically alter the way the SLP
conducts its business. The laboratory component will make
intensive collaboration possible among widely dispersed
researchers, opening up new lines of global research
previously ruled out because of their complexity and high
cost. The networking component will make the results of
such research widely available, in addition to allowing
broader and more rapid access to research resources such as
models, software, maps, publications and data sets.
The SLP also supports conventional methods of
disseminating information, such as conferences, training
events and publishing. These methods will remain important
for transferring research methodologies and results, especially
for people unable to connect to the Internet. Often, the
SLP provides seed money for a workshop to plan a new
project or define the way forward for an existing one. In
1996, the SLP organized an international workshop to
further the cause of global research on crop residues.
The SLP supports a growing number of projects with a focus
on crop-livestock interactions, each of which uses a
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somewhat different approach to address different aspects of
this complex topic. Of the three ecoregional projects, for
example, one operates in a single location from which it has
outreach activities, the second is formally constituted as a
consortium operating directly under the SLP, while the third
is a set of discrete national projects in a larger set of countries
linked through networking. A recently launched SLP project
will examine the potential of these projects for transregional
impact, in terms of both the technologies tested with farmers
and the operational modes used by researchers. The project
should lead to a better understanding of global crop-livestock
systems and the factors driving their evolution, which in
turn will facilitate the setting of research priorities and the
targeting of solutions to wider recommendation domains.
In conclusion, the SLP’s quest for near-term and
transregional impact through technology transfer is already
paying dividends. We are confident that the years ahead
will provide increasing evidence of impact.
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The Challenges Ahead
Despite the achievements of the past 2 years, the most serious
challenge facing the SLP is that of fund raising. Funding
within the CGIAR as a whole not only remains extremely
tight but is also increasingly difficult to predict. At
International Centres Week (ICW) in 1999, the CGIAR
Finance Committee decided to set aside US$ 5 million
annually for allocation to system-wide programmes. On the
basis of its record in developing effective and relevant projects
that enjoy broad-based support from participants and that
can demonstrate near-term impact, the SLP will be a strong
contender for a share of these funds.
The SLP also faces other challenges. While the number of
projects it supports has increased rapidly, it remains essential
to ensure that the whole research effort is greater than the
sum of its parts. Linking related research activities and
deriving transregional benefits from research were key
objectives at the SLP’s foundation. In the future, greater
emphasis on transregional analysis will be needed as a means
of maximizing impact.
The tight funding environment and the need to achieve
transregional impact make efficiency and synergy in the
SLP’s operations and research crucial to its success. The SLP
now involves 10 CGIAR centres and a host of other partners
in ecoregional, system-wide and national programmes. The
transactional costs of working with these partners by
conventional means are high. One solution is to develop a
“virtual SLP”—an initiative already being pursued (see
above). Further opportunities for innovative ways of cutting
costs and increasing impact will also need to be sought.
As the SLP’s projects and project components deliver results,
it will become increasingly necessary to assess impact. Much
SLP research forms part of existing CGIAR centre
programmes and as such is already subject to centre-specific
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review mechanisms. However, there will be a strong case
for evaluating the SLP’s effectiveness as a whole at some
stage, preferably once the transregional benefits start to
materialize.
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SLP-supported Projects and their Status
1. The original three ecoregional projects established or supported during Phase I are:
• Utilization of forage biodiversity for dairy production and natural resource management
in the African highlands
Lead centre: ICRAF
Main partners: ILRI, AHI and national institutions in Kenya.
• Improving legume-based feeding for smallholder dual-purpose cattle production in
tropical Latin America and the Caribbean
Lead centre: CIAT
Main partners: ILRI and national institutions in Costa Rica and Peru.
• Production and utilization of multi-purpose shrubs in West/Central Asia-North Africa
and the Sahel
Lead centre: ICARDA
Main partners: ILRI and national institutions in Jordan, Morocco, Pakistan, Syria,
Tunisia, Burkina Faso, Mali, Niger and Senegal.
2. In 1998-99 a further group of projects was funded wholly or in part under Phase II.
These are:
• Improving crop-livestock systems in the dry savannas of West Africa
Lead centre: IITA
Main partners: ICRISAT, IFDC, ILRI, University of Durham (CORD) and national
institutions in Niger, Nigeria and Mali.
• Development and use of molecular genetic markers for enhancing feed value of crop
residues
Lead centre: ILRI
Main partners: CIAT, CIMMYT, ICARDA, ICRISAT, Bangor University, IGER,
         JIC, CRC-MPB, AICMIP and various other national institutions.
• The maize crop as food, feed and fertiliser in intensifying crop-livestock systems in
Eastern and Southern Africa
Lead centre: CIMMYT
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Main partners: ILRI and national institutions in Kenya, Malawi, South Africa,
Tanzania and Zimbabwe.
• A set of ex-ante impact assessments of research on crop residues in mixed farming systems
Lead centre: ILRI
Main partners: IITA, CIMMYT and national institutions in Kenya, Nigeria, Tanzania
and Zimbabwe.
3. In 1999 the following additional projects were approved for support:
• Improving productivity in mixed crop-livestock farming systems in South Asia
Lead centre: ICRISAT
Main partners: ILRI and national institutions in Bangladesh, Bhutan, India, Nepal,
Pakistan and Sri Lanka.
• Enhancing livestock productivity while protecting mountain ecosystems
Lead centre: CIP
Main partners: ICIMOD, ILRI and national institutions in China, Ethiopia, Nepal
and Peru.
• Differential impacts on small-scale and large-scale livestock (including dairy) producers
of expanded use of feed concentrates: case studies in Bangladesh, Kenya and the
Philippines
Lead centre: IFPRI
Main partners: ILRI and national institutions in Bangladesh, Kenya and the
Philippines.
• Research and development of smallholder livestock production in Central Asia
Lead centres: ICARDA, IFPRI and ILRI
Main partners: selected national institutions in Central Asia and the Caucasus.
• Human population growth and poverty mapping: implications for natural resource
management
Lead centre: ILRI
Main partners: CIAT, ICRAF and the Rockefeller Foundation.
• The role of agroforestry and livestock strategies in building assets and improving
livelihoods
Lead centre: ICRAF
Main partners: ILRI, AHI and national institutions in Kenya and Tanzania.
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4. Lastly, a further group of projects are under development. These are:
• Participatory development of legume-based technologies for intensifying livestock systems
in Latin America
Lead centre: CIAT
Main partners: ILRI and national institutions in Central America and the Caribbean.
• Wheat and weeds, food and feed in the highlands and mountains of sub-Saharan Africa
and Latin America and the Caribbean
Lead centre: CIMMYT
Main partners: ILRI, CIP and national institutions in Ethiopia and Bolivia.
• Food/feed systems and improved livelihoods of the poor in rainfed lowland and upland
areas of Southeast Asia
Lead centre: ILRI
Main partners: IRRI, CIAT and national institutions in the Philippines, Indonesia,
Vietnam and Cambodia.
• The SLP as a virtual network (vNetwork) and virtual laboratories (vLabs)
Lead centre: ILRI
Main partners: FAO, IITAP and other SLP collaborators.
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Financial Statement
Income and Expenditure, 1999/2000
This is the list of investors who support the SLP directly. We are grateful not only to them
but also to the investors who support the SLP indirectly through unrestricted funding to
the CGIAR centres.
Income 1999  2000
Brought Forward — 470 212
World Bank1 1 200 000        —
BMZ 228 000 202 000
Japan 100 000 100 000
Switzerland 291 000 263 000
Netherlands      — 117 000
ACIAR 98 0002        —
Total 1 917 000 1 152 212
Expenditure
Programme Management3 184 192 250 000
Programme Development4 85 168 161 269
Project Support5 1 177 428 740 943
Total 1 446 788 1 152 212
Carried forward from 1999 470 212 —
Notes:
1 World Bank funds granted by the CGIAR’s Finance Committee at the Mid-term Meeting of May 1999.
Expended over 1999 and 2000.
2 The 1999 portion of a 3-year project budget that flows directly to project partners.
3 Programme management expenditures include operating the SLP Secretariat, meetings of the LPG,
publications, project evaluation missions, etc.
4 Project development expenditures include project design workshops and ex-ante impact assessments to
quantify pay-off and prioritize research opportunities.
5 Grants made to centres on their own and partners’ behalf for executing projects approved by the LPG.
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Actual and Projected Project Support (Research) in 1999/20001
(Million US$)
Portfolio of Projects 1999 2000
Enhancing livestock productivity while protecting mountain
ecosystems (2000-2001) 0.180
Research and development of smallholder livestock systems in
Central Asia (2000-2001) 0.300
Differential impacts on small-scale and large-scale livestock and
dairy producers of expanded use of feed concentrates: case studies
in Bangladesh, Kenya and the Philippines (2000-2001) 0.320
Human population growth and poverty mapping: implications
for natural resource management (1999-2000) 0.086
Utilization of forage biodiversity for dairy production and natural
resource management in the African highlands (1997-2000) 0.050
Improving legume-based feeding  for smallholder dual-purpose cattle
production in tropical Latin America and the Caribbean (1997-2000) 0.080
Production and utilization of multi-purpose shrubs in West/Central
Asia-North Africa and the Sahel (1997-2000) 0.071
Improving crop-livestock systems in the dry savannas of West Africa
(1999-2001) 0.292 0.184
Improving productivity in mixed crop-livestock farming systems
in South Asia  (1999-2001) 0.200
Development and use of molecular genetic markers for enhancing
feed value of crop residues (1999-2001) 0.181 0.150
A set of ex-ante impact assessments of research on crop residues
in mixed farming systems (1999-2000) 0.117 0.064
The maize crop as food, feed and fertiliser in intensifying crop-
livestock systems in Eastern and Southern Africa (1999-2001) 0.100
Total: 1.177 1.1982
Notes:
1 1999, actual support; 2000, projected support.
2 US$ 0.74 million funded out of 2000 contributions and US$ 0.458 million funded from Brought Forward.
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Centre Addresses and Contacts
CIAT Dr. Carlos Lascano
Centro Internacional de Agricultura Tropical
Apartado Aéreo 6713
Cali, Colombia
Tel: (57-2) 445-0000
Fax: (57-2) 445-0073
E-mail: c.lascano@cgiar.org
CIMMYT Dr. Dennis Friesen
Centro Internacional de Mejoramiento de Maiz y Trigo
CIMMYT-Kenya
PO Box 25171
Nairobi, Kenya
Tel: (254-2) 632-054/632-206/630-165
Fax: (254-2) 631-499/630-164
E-mail: d.friesen@cgiar.org
CIP Dr. Roberto Quiroz
Centro Internacional de la Papa
Apartado 1558
Lima 12, Peru
Tel: (51-1) 349-6017
Fax: (51-1) 349-5638
E-mail: r.quiroz@cgiar.org
ICARDA Dr. Luis Iniguez
International Center for Agricultural Research in the Dry Areas
PO Box 5466
Aleppo, Syria
Tel: (963-21) 2-225-517
Fax: (963-21) 2-225-105
E-mail: l.iniguez@cgiar.org
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ICRAF Dr. Steven Franzel
International Centre for Research in Agroforestry
United Nations Avenue
PO Box 30677
Nairobi, Kenya
Tel: (254-2) 521-450
Fax: (254-2) 521-001
E-mail: s.franzel@cgiar.org
ICRISAT Dr. Barry Shapiro
International Crops Research Institute for the Semi-Arid Tropics
ICRISAT-Bamako
BP 320
Bamako, Mali
Tel: (223) 223-375/227-707
Fax: (223) 228-683
E-mail: b.shapiro@cgiar.org
IFPRI Dr. Chris Delgado
International Food Policy Research Institute
2033 K Street, N.W.
Washington DC 20006, USA
Tel: (1-202) 862-5600
Fax: (1-202) 467-4439
E-mail: c.delgado@cgiar.org
IITA Dr. Dyno Keatinge
International Institute of Tropical Agriculture
PMB 5320
Ibadan, Nigeria
Tel: (234-2) 241-2626
Fax: (234-2) 241-2221
E-mail: d.keatinge@cgiar.org
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ILRI Dr. Jimmy Smith, Programme Coordinator
System-wide Livestock Programme
PO Box 5689
Addis Ababa, Ethiopia
Tel: (251-1) 615-867
Fax: (251-1) 611-892/614-645
E-mail: j.smith@cgiar.org
IRRI Dr. Mercedita Sombilla
International Rice Research Institute
PO Box 933
Manila, The Philippines
Tel: (63-2) 845-0563
Fax: (63-2) 891-1292
E-mail: m.sombilla@cgiar.org
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About the CGIAR
The Consultative Group on International Agricultural Research (CGIAR) is a consortium
of over 50 public- and private-sector bodies that provide funding for 16 international
agricultural research centres and several programmes linking their activities, including
the SLP. Founded in 1971, the CGIAR is sponsored by the Food and Agriculture
Organization of the United Nations (FAO), the United Nations Development Programme
(UNDP), the United Nations Environment Programme (UNEP) and the World Bank.
The CGIAR’s mission is to contribute to food security and poverty eradication in
developing countries through research, partnership, capacity building and policy
support. In pursuit of this mission, the CGIAR focuses on five major research thrusts:
increasing productivity, protecting the environment, saving biodiversity, improving
policies and strengthening national research. It collaborates with a wide range of
partners, especially national agricultural research systems, advanced research
institutions in the North and the South, universities, the private sector, non-government
organizations and farmers’ associations. 
Centres supported by the CGIAR
CIAT Centro Internacional de Agricultura Tropical
CIFOR Centre for International Forestry Research
CIMMYT Centro Internacional de Mejoramiento de Maiz y Trigo
CIP Centro Internacional de la Papa
ICARDA International Center for Agricultural Research in the Dry Areas
ICLARM International Center for Living Aquatic Resources Management
ICRAF International Centre for Research in Agroforestry
ICRISAT International Crops Research Institute for the Semi-Arid Tropics
IFPRI International Food Policy Research Institute
IIMI International Irrigation Management Institute
IITA International Institute of Tropical Agriculture
ILRI International Livestock Research Institute
IPGRI International Plant Genetic Resources Institute
IRRI International Rice Research Institute
ISNAR International Service for National Agricultural Research
WARDA West Africa Rice Development Association
System-wide Livestock Programme (SLP)
International Livestock Research Institute (ILRI),
PO Box 30709, Nairobi, Kenya
CGIAR
SLP
